In vitro metabolism of ethoxidine by human CYP1A1 and rat microsomes: identification of metabolites by high-performance liquid chromatography combined with electrospray tandem mass spectrometry and accurate mass measurements by time-of-flight mass spectrometry.
Ethoxidine (N-methyl-12-ethoxy-2,3,8,9-tetramethoxybenzo[c]phenanthridinium methylsulfonate salt) is a synthetic 2-methoxy-12-ethoxy derivative of the natural alkaloid fagaronine. This new inhibitor of DNA-topoisomerase I is considered as a potential antitumor agent with higher in vitro activity than fagaronine. In order to further improve the efficiency of ethoxidine, its in vitro biotransformation by hepatic monooxygenases and the structures of its metabolites were investigated by high-performance liquid chromatography (HPLC) combined with electrospray ionization tandem mass spectrometry (ESI-MS/MS) and accurate mass measurement by time-of-flight mass spectrometry (TOFMS). When ethoxidine was incubated with BNF-treated rat liver microsomes or with cells expressing different recombinant human cytochrome P450, the same four ethoxidine metabolites (m(1)-m(4)) were detected and were formed exclusively by CYP1A1. The structures of these metabolites were assigned from ESI-MS/MS mass spectra and compared with those of ethoxidine derivatives. Accurate mass measurements of in-source ESI-TOFMS fragment ions exhibited successive neutral losses of C(2)H(4) and CO for ethoxidine and its metabolites. Whereas a 15 Da loss (methyl radical) was observed for the metabolites m(1)-m(4) containing a quaternary ammonium group, a 16 Da loss (methane) was observed for ethoxidine and could have resulted from the presence of two methoxy groups at adjacent positions (C-2 and C-3). The proposed oxidative modifications of ethoxidine were further confirmed by determination of the number of exchangeable hydrogen atoms and by the proposed elemental compositions of the metabolites based on accurate mass measurements by TOFMS. Two major metabolites resulted from O-demethylation of ethoxidine; one was tentatively identified as 12-ethoxyfagaronine (m(3)) and the second as an O-demethylated ethoxidine isomer (m(4)). Two polar metabolites were shown to be O-demethylated (m(1)) and hydroxylated (m(2)) derivatives of 12-ethoxyfagaronine. When 12-ethoxyfagaronine was incubated under the same conditions as ethoxidine, m(2) was formed, thus supporting the proposal that 12-ethoxyfagaronine is the primary oxidative product of ethoxidine.